Background: Adaptation and natural selection serve as an important part of evolution. Adaptation in molecular level can lead to genetic drift which causes mutation of genetic material; one of which is polymorphism of mitochondrial DNA (mtDNA). The aim of this study is to verify the polymorphism of mitochondrially-encoded Adenosine Triphosphate synthase6gene (MT-ATP6) as one of mtDNA building blocks among tropic, sub-tropic, and polar areas. Methods: This descriptive quantitative research used 3,210 mtDNA sequences, taken from GenBank, as secondary data from 27 different populations. The data were grouped into 3 population groups based on the climates of their location. After grouping, the sequences were then aligned and trimmed using Unipro EUGENE, and analysed by Arlequin and MitoTool. Results: Results demonstrated 21 haplotypes distributed among 3 populations with variations between each climate population. In the tropic and sub-tropic populations, the dominant haplotype is h1 while h6 is dominant in the polar population. Conclusions: There is a variation of haplotype polymorphism between tropic, sub-tropic, and polar climate population.
Introduction
During Evolution, adaptation is essential for every living being for surviving the natural selection. This evolution also happened to humans during the migration from Africa according to Out of Africa theory. 1 Different altitude and latitude result in different climates; therefore adaptation to new climate is important to survive the natural selection. 2 When humans are exposed to the cold environment; their bodies automatically activate the thermogenesis system, which includes shivering and non-shivering thermogenesis (NST). 2 NST is done by increasing the metabolic activity of human body to produce heat and energy in adipose tissue, specifically inside the mitochondria. 3, 4 Production of Adenosine Triphosphate (ATP) as a form of energy which happens inside the mitochondria requires several enzymes, one of which is called ATP synthase, which itself has ATP synthase 6 (MT-ATP6) as one of its building blocks. 5 According to Charles Darwin, humans with suitable phenotype and genotype can survive a particular environment better than the other. 6 Genetic drift can cause genetic material to change during the evolution process, possibly leading to genetic polymorphism especially about climate adaptation. Furthermore, MT-ATP6 has a higher level of polymorphism and variation than other genes that construct ATP synthase. 7 Therefore; this adaptation could lead to a variation of MT-ATP6 gene polymorphism over the world. 8 Coincidentally, there is an ongoing controversy about whether or not climate can cause genetic variation, especially for MT-ATP6 gene. 9, 10 As such, this study aims to find this variation of MT-ATP6 gene between tropical, subtropical, and polar climate.
Methods
A sample of DNA mitochondria (mtDNA) was collected from GenBank® which is a genetic sequence database of publicly available DNA sequences collects all genome data from every research that can be freely accessed. We collected 3,210 DNA mitochondria (mtDNA) as secondary data, taken from 27 populations distributed across the tropical, sub-tropical, and polar area. 11 Inclusion criteria used in this research were human mtDNA taken from the normal population (not having metabolic abnormality) and the presence of MT-ATP6 region (8, 207 ) in the sequences. The exclusion criterions were human mtDNA haplotype that has a frequency less than 1% or mtDNA sample without a country, making climate-based grouping impossible.
Collected samples were then aligned and trimmed by using software Unipro UGENE. 12 Samples were then translated into amino acid sequences using specific mitochondrial DNA Codon and grouped according to the climate: tropic, sub-tropic, and polar population. After that, samples were grouped according to haplotype and calculated to find the frequency of each haplotype in every climate population. If the result were less than 1%, the haplotype was considered as mutation and excluded. Next, we did the analysis using software Arlequin to calculate the genetic diversity. 13 Besides, we also did another analysis using haplogroup M, which is the most common haplogroup in the world. Mitochondrial DNA data were then grouped according to haplogroup using MitoTool. 14 Every haplotype that belongs to haplogroup M found in this analysis which using 3 countries that represent each climate populations (tropic, sub-tropic, and polar) were calculated to find the frequency of each haplotype. The countries used were India which represents tropic, Japan for sub-tropic, and Russia for polar. These countries were chosen because each was traversed by haplogroup M during migration out of Africa and these countries had the largest number in the sample population. After that, we calculated each haplotype inside haplo group M and compared them. The result of each analysis was described.
As gratitude to the previous researcher which data was used in this study, we list the entire data source in Table  6 , Table 7 , and Table 8 .
Results
In this study, we used 3,210 mtDNA sequences from 27 populations and found 21 haplotype variations ( Table 1) . Prefix "h" indicates the haplotype, and we can define the polymorphism location by comparing each haplotype using h1 as the reference sequence.
Each haplotype was grouped into 3 climate group: tropic, sub-tropic, and polar ( Table 2 ). In tropic population, h1 had the highest frequency, and this was also the case with the sub-tropic population. Unlike the two populations, the polar population had h6 as the haplotype with the highest frequency, even though its worldwide frequency is much lower than h1 or h2.
Based on the number of sample and frequency of haplotype found, we also calculated the haplotype diversity of each climate population and compared it to each other. Haplotype diversity shows the diversity of population with the value from zero to one. Zero indicates that every individual in the population is virtually identical and one indicates that there are no similar individuals in the population.
From the analysis, we found that the three populations had similar haplotype diversity ( Table 3) . Although similar in diversity value, each population had their haplotype variation as shown in Table 2 .
We also investigated this variation using haplogroup approach, so we could compare haplotypes found in each population that belongs to haplogroup M (Table 4) . From the table, we found that there are variations in haplotype that all belong to haplogroup M in each population, especially for the sub-tropic and polar population.
In another approach, we used haplogroup M that was well distributed in tropic, sub-tropic, and polar population and looked into their haplotype variation ( Table 5) . We used 3 different countries to represent their climate population: India, Japan, and Russia, all three of which were traversed in haplogroup M route of migration. These countries also had sufficient sample size to represent each climate population. Table   Haplotype  MT-ATP6 Polypeptide Sequence  0  0  0  0  0  0  0  0  0  0  0  1  1  1  2  2  2  0  1  1  2  2  3  5  5  6  7  9  1  7  7  0  0  1  7  3  8  0  6  0  3  9  0  9  0  5  6  7  1 
Discussion
In this study, we discovered 21 haplotype variations out from 27 populations. Despite having the highest number of population in this study, the tropic population had the least number of haplotype among three populations. The dominant haplotype in this study was h1 and h2 which was both found in every climate population with h1 as the most frequent haplotype in tropic and sub-tropic. Differing from the previous populations; the polar population had h6 as the dominant haplotype. H6 was only found in polar and sub-tropic with low frequency. We also analysed h6 in polar population and found that h6 was distributed among every population included in polar population, 313 sequences in Russia, 138 sequences in Finland, 53 sequences in Siberian, and six sequences in Sweden.
Besides, we also found exclusive haplotypes that were only found in one of the population, such as h13, h14, h15, h16, and h17 that were only found in the tropic. There are several theories that can explain this condition. First, during the migration out of Africa, humans with particular haplotype came and stayed in one area and did not go to another climatic region as described by Out of Africa theory. 1 Second, this variation could be explained by genetic drift theory as a human adaptation process during evolution. When humans migrate into a territory with a different climate, humans can adapt to the changes and survive, maintaining or even increasing in numbers. They who cannot adapt, however, are unable to survive and their numbers drop. 2, 8 From the diversity calculation among three populations shown in Table 3 , we found that tropic, sub-tropic and polar populations have similar diversity level, but there were haplotype variations in each climate group. According to Out of Africa theory, after the migration from one area to new area, humans spread out to new areas, leading to variety of genotype and phenotype with nearly same diversity level. 1 In haplogroup analysis, we found that in the tropic, there was the only h1 that belonged to haplogroup M, but in sub-tropic and polar areas, there were several haplotypes belonging to haplogroup M beside h1. There was an indication that MT-ATP6 gene mutated and generated a polymorphism inside haplogroup M due to adaptation process, especially in sub-tropic and polar areas.
Limitations of this study include the limited variety of population used in each climate group because secondary data were only gathered from GenBank. This might limit the variation of MT-AT6 gene that could potentially be found in this study and hence not every haplotype in the world was represented here. Thus, we suggest a new study with a larger population with more variation so it can give a more accurate reflection on the spread of MT-ATP6: whether it is affected by migration or by genetic drift as an effort of adaptation. 
Conclusions
We concluded that there was a genetic variation of MT-ATP6 as a polymorphism of DNA mitochondria among the population living in the tropic, sub-tropic, and polar climates. The processes that cause this variation could not be fully explained, but there are two conditions that could explain this variation. First, human migrated from Africa to a specific area can cause several variations among human MT-ATP6 haplotype over the world. Second, due to adaptation, human genetic are mutated, so the gene is vary according to the climate as indicated by this study. The benefit of this study is mainly theoretical: the result of this study can be used as a basis to pursue further bioinformatics studies about MT-ATP6 variation.
